CPPU. Berry enlargement was monitored (16, 30, 44, and 59 days after treatment) during development. Cluster mass, number of berries per cluster, berry mass and fi rmness, and °Brix were determined at harvest. Berry mass was dramatically increased (2.3 versus about 3.6 g/berry) at harvest by all concentrations of CPPU. Cluster mass and compactness were also increased and berry fi rmness was linearly related to CPPU concentration (r 2 = 0.997). There was no signifi cant effect on number of berries per cluster (79 to 86). °Brix, rachis necrosis at harvest, and berry abscission after 30 days of refrigerated storage (1 °C) were signifi cantly reduced. Effect of time of CPPU application (0, 5, and 10 mg·L -1 ) was established by treatment of clusters at mean berry diameters of about 4, 5, 7, and 9 mm. Response was indexed by following berry enlargement at 14, 28, 42, and 56 (maturity) days after treatment. Maximum berry size for both 5 and 10 mg·L -1 was obtained from applications at 4 to 7 mm berry diameter. Relative response of seedless and seeded cultivars was compared by application of CPPU at 0, 5, 10, or 15 mg·L -1 to clusters (4 to 6 mm berry diameter) of seedless 'Vanessa' and 'Lakemont' and seeded 'Concord' and 'Niagara'. Bioresponse was determined by a time course of berry enlargement and berry and cluster mass, number of berries per cluster, and rating cluster compactness at maturity. Except for 'Lakemont' at the 5 mg·L -1 concentration, CPPU at all concentrations increased seedless berry diameter signifi cantly from the fi rst measurement at 14 through 56 days after application. Berry and cluster mass and cluster compactness were signifi cantly increased in 'Vanessa'. In contrast, the only effect of CPPU on the two seeded cultivars was an increase in berry size in 'Concord' and an initial increase in berry size 14 days after application in 'Niagara'.
Plant growth regulators have become important tools in grape production. The use of gibberellic acid (GA) to increase berry size in Vitis vinifera table grape production began about 40 years ago (Weaver and McCune, 1961) and is now used extensively worldwide. CPPU [forchlorfenuron, N-(2-chloro-4-pyridinyl)-N 1 -phenylurea] is a synthetic cytokinin-like plant regulator that at low concentrations promotes grape berry set and development (Nickell, 1985) . CPPU increases berry size (Diaz and Maldonado, 1992; Dokoozlian et al., 1994; Dokoozlian et al., 2000; Ezzahouani, 2000; Intrieri et al., 1993; Nickell, 1985; Nickell, 1986a; Retamales et al., 1995; Reynolds et al., 1992) and set (Nickell, 1986b) , delays fruit maturity (Dokoozlian et al., 1994; Dokoozlian et al., 2000; Ezzahouani, 2000; Retamales et al., 1995; Reynolds et al., 1992) , reduces fruit color (Dokoozlian et al., 2000) and improves storage quality (CarvajalMillan et al., 2001) . When combined with GA, CPPU acts synergistically to increase berry size (Dokoozlian et al., 1994; Ogata et al., 1988) . The magnitude of the CPPU response is related to stage of berry development at time of treatment. Prebloom applications primarily increase berry set while postbloom applications affect berry size, color and maturity and storage quality (Nickell, 1985; Nickell, 1986a) . Essentially all of the above studies were on seedless cultivars of V. vinifera. CPPU studies on seeded cultivars are limited and results (e.g., berry growth) generally have been inconsistent (Dokoozlian et al., 1994; Ezzahouani, 2000; Nickell, 1985; Nickell, 1986a) .
The purpose of our study was to evaluate the effect of CPPU on selected cultivars of Vitis labrusca and hybrids of V. labrusca × V. vinifera commonly grown in cool climates.
Materials and Methods
All studies were conducted in a vineyard at the Southwest Michigan Research and Extension Center, Benton Harbor. Vines were of moderate vigor, growing in a deep sandy loam soil, irrigated when necessary and trained to a modifi ed-Munson system unless stated otherwise. Other cultural operations were consistent with good commercial practices.
Experiment 1: Concentration response
Forty contiguous 9-year-old 'Himrod' vines, selected for uniformity, were pruned to four 10-node fruiting canes. Flower clusters were thinned before bloom to 15 clusters/vine. One basal cluster, free of visual defects, was randomly selected on each of the four fruiting canes of each vine, and assigned to one of four treatments. Three of the designated clusters were sprayed until fully wetted with CPPU (ABG-3207), Abbott Laboratories, North Chicago, Ill.) at 5, 10, or 15 mg·L -1 using a hand-held sprayer. The cluster on the nonsprayed cane on each vine was used as a nontreated control. Each vine with the four randomly assigned treatments was considered a replication. Mean berry diameter at time of treatment was about 4 mm.
Berry enlargement. Ten berries from each treatment on each of 10 vines (n = 100 berries/treatment) were randomly selected and measured (smallest diameter) at 14, 28, 42, and 56 d after treatment.
Cluster analysis at maturity. Cluster mass and compactness, number of berries per cluster, berry mass, fi rmness and °Brix were determined at fruit maturity on the treated clusters used for berry enlargement measurements plus designated clusters on an additional 15 vines (25 replications total). Mean berry mass was estimated by dividing number of berries per cluster into cluster mass. Brix was determined on juice extracted from about 50 sound berries per treatment. Cluster compactness was visually rated 1 through 6 as follows: 1 = rigid, unable to move berries on cluster, 2 = some movement of berries, 3 = able to manually separate berries from one another, 4 = loose, occasional berries not touching others, 5 = uniformly loose with many berries not touching each other, some gaps apparent in cluster, and 6 = large gaps apparent in cluster.
Firmness was determined at harvest on 15 randomly selected berries from each treatment (cluster) of 10 replications (n = 150). Berries were carefully detached by cutting the pedicels and positioned on the instrument turntable with pedicels orientated to the center. Firmness was measured with a FirmTech 2 instrument (BioWorks Inc., Stillwater, Okla.) fi tted with a 15-mm fl at probe. The instrument was programmed to deliver a uniform load and record the grams necessary to deform (compress) the fruit 1 mm.
Storage evaluation. Treated clusters from the remaining 15 replications were harvested, placed in ventilated plastic harvesting boxes and immediately transferred to refrigerated storage held at 1 °C. The fruit were evaluated at 10-d intervals over 30 d for berry shatter by weighing and expressing the abscised berries as a percentage of total mass of the cluster. Rachis necrosis was expressed as percentage of the total rachis length, which developed a brownish discoloration.
Experiment 2: Concentration and time of application
The plant material ('Himrod') and experimental procedures were as for the concentration study except as noted below. CPPU was applied at 0, 5, or 10 mg·L -1 at about 4, 5, 7, or 9 mm berry diameter. Fifteen single-vine replications, each with nine single basal cluster treatments were used. Berry diameter was measured on 10 randomly selected berries on each treatment at 14-d intervals from 35 to 77 d after full bloom. Data collected on berry diameter at 77 d after full bloom and on cluster and berry parameters at maturity were based on 12 and 11 replications, respectively, due to depredation by raccoons. 
Experiment 3: Cultivar response
The comparative effect of CPPU on seedless and seeded berry development was established using the seedless Vanessa and Lakemont and seeded Concord and Niagara cultivars. Fifteen uniform 9-year-old vines of each cultivar, of moderate vigor, were selected for treatment. Vines of 'Vanessa' and 'Lakemont' were managed and prepared for treatment as described earlier for 'Himrod'. 'Concord' and 'Niagara' vines were pruned to 44 nodes/kg of fruiting canes along the cordon. Cluster thinning was not performed on 'Concord' and 'Niagara'. Four basal clusters were selected on each vine for uniformity of development just before bloom and assigned randomly to treatments. CPPU was sprayed to runoff as previously described on individual clusters at 0, 5, 10, or 15 mg·L -1
. Each vine constituted a replication (n = 15). Berry diameter was measured 14, 28, 42, and 56 d after treatment. Cluster mass and compactness were determined at the time of commercial harvest.
Statistical analysis
Analysis of variance, regression analysis and, where appropriate, mean separation by Fisher's LSD or Tukey's HSD were performed using SAS statistical software.
Results

Experiment 1: Concentration response
All CPPU concentrations signifi cantly increased berry size at all dates of measurement over the nontreated control (Fig. 1) . Berry size on clusters treated with 15 mg·L -1 CPPU was signifi cantly greater than berries from clusters treated with 5 and 10 mg·L -1 at all measurement dates. With one exception, 42 d after treatment (DAT), there were no signifi cant differences in berry diameter between 5 and 10 mg·L -1 CPPU. Berry size was linearly related to concentration (e.g., at 57 d, Y = 14.94 = 0.242x) at each measurement date with r 2 values of 0.585, 0.647, 0.711, and 0.646 for 14, 28, 42, and 57 d after treatment, respectively, all signifi cant at P = 0.001 (data not presented).
Berry diameter and mass at maturity were signifi cantly greater for all CPPU concentrations than the controls (Table 1) . Response at 15 mg·L -1 was signifi cantly greater than at 5 mg·L -1 for berry diameter and 5 and 10 mg·L -1 for berry mass. Fruit set, measured by number of berries per cluster, was not affected. Brix was depressed (4% to 10%) at all CPPU concentrations. Cluster mass was increased markedly (64% to 76%) at all CPPU concentrations, but there was no difference among concentrations. Cluster compactness was also increased significantly at all CPPU concentrations. Berry shatter and rachis necrosis were reduced by CPPU during cold storage ( Table 2 ). The effect on berry shatter was signifi cant only at the 10-d measurement, but rachis necrosis was dramatically reduced for 30 d.
Increasing CPPU concentration (0 to 15 mg·L -1 ) resulted in a linear increase (e.g., Y = 191.02 + 0.928x, r 2 = 0.918 *** ) in berry fi rmness (Fig. 2) . The r 2 for fi rmness over the CPPU concentrations of 5, 10, and 15 mg·L -1 was 0.997.
Experiment 2: Concentration and time of application
Factorial analysis of the effect of CPPU concentration, applied at varying stages of early berry development, on time-course of 'Himrod' berry enlargement revealed a signifi cant interaction. All CPPU concentrations applied at 4, 5, 7, and 9 mm berry diameter increased berry size signifi cantly during the course of berry development (Table 3) . With one exception (9 mm, 63 d after full bloom), there was no signifi cant difference between the 5 and 10 mg·L -1 CPPU concentrations. Similarly, there were no signifi cant effects on berry size relative to time of CPPU application, other than a trend to a lesser response when applied at later stages (7 and 9 mm) of berry development.
At maturity, CPPU (10 mg·L -1 ) significantly increased berry mass over control by 30%, 27%, and 23% when applied at 4, 5, or 7 mm berry diameter, respectively, but only 16% when applied at 9 mm diameter (Table  4) . At 5 mg·L -1 , with one exception, CPPU Means within columns followed by the same letter are not different at P < 0.05 according to Fischer's test for least signifi cant difference. NS,**,*** Nonsignifi cant or signifi cant at P < 0.01 or 0.001, respectively. did not signifi cantly increase berry mass. Berry number per cluster was signifi cantly less, with one exception, when applied at 5 and 7 mm berry diameter compared to control and CPPU application at 4 or 9 mm berry diameter. The effect on cluster mass was similar to that on berry weight. There was no signifi cant effect on cluster compactness.
Experiment 3: Cultivar response
There was a striking difference between the response of the seedless, Vanessa and Lakemont, and seeded, Concord and Niagara, cultivars to CPPU (Table 5) ) and measurement dates was 13% to 16%, 9% to 20%, 2% to 5%, and 2% to 3% for 'Vanessa', 'Lakemont', 'Concord', and 'Niagara', respectively.
Both berry mass and number of berries per cluster in 'Vanessa' was greater at all concentrations of CPPU at harvest and this was refl ected in increased cluster weight and compactness (Table 6 ). Interestingly, with 'Lakemont' the berry and cluster mass were increased, but berry number was not affected leading to no effect on cluster compactness. In contrast, there were no signifi cant CPPU effects on berry mass, number of berries per cluster, cluster mass or compactness at maturity in the seeded Concord and Niagara cultivars.
Discussion
CPPU applied to clusters of seedless 'Himrod' immediately after fruit set (about 4 mm berry diam.) markedly increased berry development and resulted in greater cluster mass and compactness at maturity, and reduced berry shatter and rachis necrosis during refrigerated storage (Fig. 1, Tables 1 and 2 ). Berry size was linearly related to CPPU concentrations (5 to 15 mg·L ) to concentration while soluble solids were inversely related and reduced by 4% to 10% (Fig. 2, Table 1 ). Although this might be undesirable for fresh market, physiologically the total soluble solids per cluster was greater for CPPU-treated clusters than for the control. The increase in berry size, cluster mass, fi rmness, and reduction in soluble solids observed for 'Himrod', a Vitis labrusca × V. vinifera hybrid, was similar to those reported for V. vinifera table grape cultivars (Diaz and Maldonado, 1992; Dokoozlian, et al., 1994; Oswald, 1994) . Some V. vinifera cultivars, however, (e.g., 'Thompson Seedless') may be more responsive than 'Himrod' as Dokoozlian et al., (1994) observed no further signifi cant increase in berry size at concentrations above 5 mg·L . The lower soluble solids and increased fi rmness observed in our study and Means within a column followed by similar letters are not signifi cantly different according to Tukey's HSD test at P < 0.05. *** Signifi cant at P < 0.001. Table 4 . Effect of CPPU applied at mean berry diameters of about 4, 5, 7, and 9 mm on berry weight and number per cluster and on cluster weight and compactness of 'Himrod' grape. Means within a column followed by similar letters are not signifi cantly different, according to Tukey's HSD test at P < 0.05. NS,*** Nonsignifi cant or signifi cant at P < 0.001, respectively. the delayed color development observed in V. vinifera by Dokoozlian et al., (1994) may be a result of a general delay in berry maturity. The effect of berry development (4 to 7 mm in diameter) at time of CPPU application on berry and cluster parameters was inconsistent (Tables 3 and 4 ). The response from application at 4 mm berry diameter was consistent with results from the previous study (Expt. 1) for berry diameter, number per cluster and mass and for cluster mass. However, response to CPPU at 5, 7, and 9 mm diameter did not differ signifi cantly from the 4 mm diameter treatment or tended to decrease with an increase in berry size at time of treatment. An exception was fewer berries per cluster when CPPU was applied at 5 and 7 mm berry diameter than at 4 or 9 mm diameter (about 72 vs. 90). This unexplained reduction in berry number was refl ected in a cluster mass signifi cantly lower than CPPU treatment at 4 mm diameter, but equal to the nontreated control (Table 4 ). Further, note that the mean cluster compactness for these treatments (5 and 7 mm in diameter) was not depressed relative to the control, even though the treated cluster had 21% fewer berries.
There was a striking difference in response between the seedless V. labrusca × V. vinifera hybrids and seeded V. labrusca cultivars ( Table  5 ). The seedless cultivars were very responsive to CPPU and the responses were similar to that reported for seedless V. vinifera (Dokoozlian et al., 1994; Oswald, 1994) . These fi ndings provide the basis of development of commercial use of CPPU for increasing the quality of some cultivars of V. labrusca × V. vinifera hybrids comparable to V. vinifera, as recommended in the just approved label for use of the CPPU formulation Prestige (Valent Biosciences, 2005) . In contrast, CPPU induced only a weak ('Concord') or no response ('Niagara') in the seeded V. labrusca cultivars. Studies are needed to clarify the basis of this differential response to CPPU. 
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